ABSTRACT. The fauna of phlebotomines (Diptera, Psychodidae) in different phytogeographic regions of the state of Maranhão, Brazil. Phlebotomine specimens were captured in domiciliary and forest environments in 47 municipalities between 1982 and 2005 with the aid of CDC light traps. A total of 91 species were found, of which four belonged to genus Brumptomyia and 87 to genus Lutzomyia, distributed among the following subgenera: Evandromyia (6), Lutzomyia (5), Micropygomyia (2), Nyssomyia (9), Pintomyia (2), Pressatia (3), Psathyromyia (6), Psychodopygus (14), Sciopemyia (4), Trichophoromyia (2), Viannamyia (2); species groups: Aragaoi (2), Baityi (1), Dreisbachi (1), Migonei (12), Oswaldoi (8), Pilosa (1), Saulensis (2), Verrucarum (4) and ungrouped (1). Species diversity was greatest in areas where there was dense evergreen seasonal forest (52 species), ombrophilous forest (31) and meridional cerrados (23) and lowest in areas with mixed forest (forest with babassu palms, cerrado and caatinga). The greatest similarity index was observed for restinga and open evergreen seasonal forest (J=0.48). Dense evergreen seasonal forest had greatest similarity with ombrophilous forest (J=0.38). The phlebotomine fauna was species rich and unevenly distributed in Maranhão, reflecting the phytogeographical complexity of the state, which is a result of the great variety of ecosystems and climate zones.
Phlebotomines are dipteran vectors of leishmaniasis and are found in all zoogeographic regions of the world. On the American continent, they are found from southernmost Canada to northern Argentina (Martins & Morales-Farias 1972; Martins et al. 1978 ) but are present in greater variety in the Neotropical region, where approximately 480 species have already been catalogued (Aguiar & Medeiros 2003) .
Phlebotomines occurs in all Brazilian states with approximately 229 known species in the country (Aguiar & Medeiros 2003) . In the state of Maranhão, phlebotomines are relatively well known. Rebêlo et al. (1996) published a preliminary list of 40 Marinho et al. 2008 ) and the municipalities of Codó (Rebêlo et al. 1999b ), Buriticupu (Rebêlo et al. 2000a, b) and Santa Quitéria (Martin & Rebêlo 2006 ). These studies provided new records and showed that many species normally found in sylvatic environments have invaded anthropic environments and adapted to the peridomicile, where they coexist with domestic animals and can enter dwellings, suck human blood and transmit leishmania (Dias et al. 2003; Oliveira-Pereira et al. 2006 .
In the present study, the list published by Rebêlo et al. (1996) is updated and the distribution of phlebotomines in the various phytogeographical regions of the state of Maranhão is briefly discussed. MC -Meridional cerrado covers the eastern and southern regions of the state from the springs of the Grajaú and Mearin rivers to the upper reaches of the Balsas and Parnaíba rivers. It covers an area of 9,800 ha and has two different physiognomies (cerradão [forest savannah] and cerrado), the latter being the more common (Eiten 1994 ). The climate is more arid, with mean annual rainfall of approximately 1,000 to 1,200 mm 3 . RE occupies a large area where it meets the lençóis maranhenses (coastal dune fields) and is limited to the east by mixed zones of CC in the Lower Parnaíba region. OF, which is considered a remnant of the Amazon forest, is found on São Luís island, where it helps to preserve a large green area and springs.
MATERIAL AND METHODS
The study area itself consisted of 291 locations, including fragments of secondary vegetation and modified primary forest, in 47 municipalities in the phytogeographic regions referred to above. These locations were chosen because they contain foci for transmission of leishmaniasis.
Data collection. The phlebotomines were captured during the period 1982 to 2005 (from a minimum of one collection to a maximum of 12 collections over a period of one year, always between 6 pm and 6 am) using CDC (Centers for Disease Control) light traps installed at a height of 1.5 m inside human dwellings, in shelters for domestic animals in the peridomicile and on trails inside forests. The specimens collected were killed in chambers containing ethyl acetate, placed in polyethylene flasks and sent to the laboratory, where they were identified taxonomically using the method described by Ryan (1986) and Young & Duncan (1994) .
Data analysis. To gain a better understanding of how the species were distributed, the municipalities were grouped according to the phytogeographic regions in which they are located. A group analysis was then carried out and a cladogram was obtained based on the Jaccard index, which takes into account the presence or absence of species.
RESULTS
A total of 91 phlebotomine species were found, of which four belonged to genus Brumptomyia and 87 to genus Lutzomyia, distributed among the following subgenera and groups:
, Verrucarum (4) and one that does not belong to any group (1). Table I shows the distribution of the species in the different phytogeographic regions of the state of Maranhão. Species richness was greatest in OESF (52 species), followed by OF (31), MC (23), OESF/B/C (20), OESF (18), RE (13), CC (11) and OESF/B (6).
Fifty-six species, or 61.5% of the phlebotomine fauna, were present in only one type of phytogeographic region (Fig. 2) . In absolute numbers, OESF accounted for the largest number of exclusive species (24), followed by MC (18) , OESF/B/C (8), OF (4), OESF (1) and CC (1). However, when expressed as a percentage of the number of species in a particular phytogeographic region, the number of exclusive species was highest in MC (78.3%), followed by OESF (46.2%), OESF/B/C (40%) and OF (12.9%).
When the species distribution is analyzed by phytogeographic region, it can be seen that those areas with forest cover (OESF, OESF, OESF/B, OESF/B/C and OF) accounted for 72 species (Fig. 3) , or 79.1% of the phlebotomine fauna in Maranhão. The areas with cerrado (MC, CC and OESF/B/C) accounted for 45 species (49.5%), and those where there were coconut palm forests (OESF/B/C and OESF/B) accounted for a total of 21 species (23.1%) (Fig. 3) .
Analysis of Figure 4 shows that the phlebotomine communities with the highest similarity index were those in RE and OESF (0.48), RE and OESF/B (0.46), CC and OESF/B (0.42), RE and CC (0.41) and OESF and OF (0.38). The fauna in OESF/B/C showed some similarity with that in FEPA (0.32), CC (0.30), RE (0.28) and OESF/B (0.25).
The most widely distributed species were L. longipalpis and L. whitmani, which were found in all eight phytogeographic regions (Tab. I). Notable among the other species were L. evandroi (found in seven regions), L. lenti, L. sordellii and L. termitophila (6) , L. wellcomei (5), and B. avellari, L. goiana, L. longipennis and L. migonei (4); the remaining species were found in one to three regions. 
DISCUSSION
The phlebotomine fauna in the state of Maranhão is very species rich and is to date only exceeded in number of species by that in the states of Pará (117 species) and Amazonas (110). This result supports the hypothesis that phlebotomines are indeed more diversified in the Amazon basin, where at least 166 species have been found to date (Aguiar & Medeiros 2003) . Nevertheless, the variety of phlebotomine species found in Maranhão, encompassing a large number of subgenera and groups, reflects the climatic and phytogeographic complexity of the state, which is a consequence of its location between three Brazilian biomes: the Amazon Forest, Cerrado and Caatinga. As a result, the fauna in Maranhão consists of elements of fauna from the Amazon and Northeastern and Midwestern Brazil. Phytogeography is an important factor in explaining the diversity of phlebotomines in the state of Maranhão. The greater species richness observed in the municipalities in areas with dense evergreen seasonal forest can be explained by the essentially Amazonian characteristics of the vegetation, namely, heavy rainfall and high temperatures and humidity. Approximately 43% of the species found in this phytogeographic region do not go beyond the Pindaré river. They are therefore not found outside the region where the climate is hot and humid and are thus absent in the other phytogeographic regions in central-eastern Maranhão, where the climate is semi-humid and semi-arid. Surveys of euglossine bee fauna showed a similar pattern . The fact that the second greatest species richness was observed in areas where there is ombrophilous forest was expected, given the similarities between this type of vegetation and dense evergreen seasonal forest, both in terms of their structure and climate.
In contrast, areas with open forest and mixed vegetation have a semi-humid climate in a transition zone where the climate is changing to a semi-arid one, so that the number of species adapted to the hot and humid Amazon climate that are found is limited. However, approximately 57% of the species found in the Amazon regions are also found in an area that extends beyond these regions through areas of open evergreen seasonal forest into areas of mixed vegetation with, therefore, a more xeric climate. Thus, the overlap between open evergreen seasonal forest and coconut palm forests and cerrado, and in turn the overlap of the latter with caatinga (IBGE 1984) , forms a mosaic of vegetation that results in a mixture of species from the Amazon and Northeast that is only found in these areas.
The opposite is observed in the meridional cerrado, which, because it is a homogeneous phytogeographic region covering the whole central-southern region of Maranhão, contains phlebotomine fauna that is particular to the region. A good idea of the extent to which the fauna is particular to this area can be had from the fact that 87.5% of the fauna in the meridional cerrado has not yet been detected outside this region, even in the areas of mixed vegetation in the north, where the cerrado is mixed with open forest and caatinga and phlebotomines have been studied in greater depth (Rebêlo et al. 1999b; Martin & Rebêlo 2006 ). Indeed, these species are more common in areas to the south of Maranhão, including the neighboring state of Tocantins (Andrade Filho et al. 2001b) , as well as Goiás, Distrito Federal (Carvalho et al. 1989 ), Mato Grosso (Azevedo et al. 2002 , Missawa & Maciel 2007 and Mato Grosso do Sul (Galati et al. 2006 ), all of which are in the cerrado. As the areas of meridional cerrado are less well studied than the forest areas, particularly in the very south of the state, a greater effort to capture phlebotomines may result in an increase in the number of known species in this phytogeographic region.
Analyzing the composition and distribution of phlebotomine species from another perspective, it can be seen that the fauna in Maranhão has a greater degree of similarity to that in Amazonian states, as 80.2% of the species in Maranhão The study has also shown that the number of currently known phlebotomine species in Maranhão has increased by 56% since the last list published by Rebêlo et al. (1996) . 
